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that	 node	 are	 highlighted	 in	 blue.	 This	 acts	 to	make	more	 clear	which	 attribute	 features	 are	








































and	modelled	 from	a	 JSON	 file	 into	 d3-compatible	 data	 structure.	 Finally,	 the	 visualization	 is	
rendered.	
	
Since	D3	works	best	with	standard	file	formats	such	as	CSV	and	JSON,	we	manually	
extracted	and	formatted	the	data	from	the	raw	spreadsheet	file	to	a	CSV	file.	Then	we	
converted	the	CSV	file	to	a	JSON	file	using	an	external	web	service	with	a	custom	template.	
We	explain	the	algorithm	to	build	the	tree	and	bi-partite	diagram	in	terms	of	node	and	
link	construction.	For	the	nodes	and	links	of	the	tree	diagram,	D3	has	built-in	support	for	
generating	a	tree	layout	object	from	a	provided	JSON	data	file.	The	D3	code	for	creating	
collapsible	tree	diagrams	can	be	found	at	https://bl.ocks.org/mbostock/4339083.	For	the	
styling	of	the	leaf	nodes,	nodes	with	connections	or	links	(as	part	of	the	bi-partite	diagram)	are	
in	blue	and	those	without	connections	are	in	grey.		
For	the	bi-partite	diagram,	since	the	raw	data	itself	does	not	contain	explicit	
relationships,	we	had	to	do	some	text	mining	to	extract	and	construct	relationships	between	
software	leaves	and	its	attributes.	There	are	currently	two	attributes	used	(i.e.,	“user	type”	and	
“user	task”)	from	the	larger	dataset	spreadsheet	which	contains	others.	For	example,	given	an	
attribute	called	“User	Type”,	we	construct	a	list	of	nodes	of	distinct	user	types	from	the	raw	
data.	We	draw	a	link	between	a	software	node	and	a	user	type	node	if	the	software	supports	
that	user	type.	We	also	sort	the	list	of	attribute	nodes	by	their	number	of	connections	from	
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most	to	least	in	order	to	reduce	overlap	between	links,	thereby	making	the	visualization	more	
legible.	It	should	be	noted	that	the	bipartite	aspect	of	our	visualization	was	custom	coded	in	d3	
by	the	authors	of	this	project.	
In	terms	of	interactivity,	we	implemented	pan/zoom	and	node/link	highlighting	and	
selection.	Since	the	visualization	is	scaled	to	fit	the	browser	window,	nodes	and	texts	are	scaled	
down	and	may	not	be	legible.	With	panning	and	zooming,	users	are	able	to	freely	adjust	the	
area	of	focus	in	the	visualization.	The	compound	visualization	consists	of	multiple	levels	and	
numerous	nodes	and	edges,	which	may	take	higher	cognitive	loads	to	trace	the	origin	of	one	or	
more	links.	We	implemented	node	and	link	highlighting	to	ease	that	problem.	Currently,	users	
can	highlight	a	single	link	between	a	software	node	and	an	attribute	node	by	hovering	the	
mouse	cursor	over	the	link.	Alternatively,	they	can	hover	on	either	side	of	the	nodes	to	
highlight	a	node	label	and	its	links	if	there	is	any.	Clicking	the	mouse	will	let	the	highlight	
persist,	but	only	one	node	or	link	can	be	highlighted	at	a	time.	
Future	Improvements	for	Prototype	
	 While	our	visualization	results	succeeded	in	fulfilling	the	initial	criteria	for	this	
project,	our	visualization	could	be	improved	and	developed	further.	Below	is	a	list	of	suggested	
immediate	improvements	that	can	be	made:	
	
● Nodes	in	the	hierarchy	should	be	collapsible,	so	that	users	can	observe	connections	
made	between	the	hierarchy	and	attributes	at	different	levels	of	the	hierarchy.	This	
would	allow	the	comparison	of	aggregated	data	rather	than	only	individual	software	
platform	data	points.	
● To	optimize	the	visual	space	and	reduce	clutter,	the	link	nodes	could	be	made	into	
curved	lines	rather	than	straight	lines.	
● The	node	links	could	be	optimized	to	further	reduce	edge	crossings,	thus	reducing	
visual	clutter.	This	process	would	be	algorithmic,	and	automatically	optimize	for	
every	new	set	of	attributes	or	changes	to	the	visualization.	
● Highlighting	parent	nodes	in	the	tree	diagram	should	highlight	its	ancestor	nodes	
and	links	as	well	as	its	children	nodes	and	links	in	the	tree	diagram	and	the	bi-
partite	graph.	This	would	offer	a	more	comprehensive	exploration	by	the	user.	
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Integrating	the	Visualization	into	a	Comprehensive	Dashboard	Application	
Here	we	propose	a	design	for	taking	our	visualization	a	step	further	and	integrating	it	
into	a	web-based	dashboard	application	that	offers	information	over	and	beyond	what	is	
already	available	through	the	tree-diagram	bi-partite	graph.	We	have	named	this	proposed	
design	a	Project	Compara.	Figure	12	shows	a	visual	mockup	of	the	dashboard	application	
layout.	
To	visualize	the	data	as	a	tree,	a	web-based	dashboard	design	is	created	to	house	the	
visual	and	have	other	support	data	views	to	complement	it.		Based	on	our	research	of	
visualization	methods,	the	force-directed	layout	as	well	as	treemap	reflect	the	ability	to	place	
focus	on	relationships	and	hierarchy,	respectively.	
The	dashboard	design	is	created	with	four	functional	sections	for	analyzing	the	data	of	
the	toolsets.		The	main	section	is	designed	to	have	the	main	visualization	type	as	a	tree,	with	
the	root	titled	as	the	dashboard	title	itself:	Compara.		It	expands	out	into	the	first	level	of	
headings,	which	expands	out	into	another	group	of	subheadings	of	the	software	tools.		
Changing	this	tree	structure	would	be	based	on	the	JSON	data	file	that	is	loaded	into	the	
dashboard.	
The	next	section	consists	of	a	force-directed	layout	that	provides	the	user	the	ability	to	
seek	direct	relationships	between	software	packages.		The	third	section	acts	as	a	middle	
ground,	providing	general	information	about	the	selected	tool,	including	title,	product	
description,	the	highlighting	of	the	user	types	and	tasks	associated.		The	last	section	is	a	
treemap	visualization	that	places	focus	on	hierarchy,	from	main	category	of	software	down	to	
the	software	itself.		Additional	items	considered	for	the	treemap	include	a	list	of	keywords	that	
contribute	to	the	rationale	and	description	of	the	categories.		This	places	emphasis	on	hierarchy	
allowing	the	user	to	have	a	clear	understanding	of	how	software	selected	in	the	tree	relates	to	
the	subject	matter	of	focus,	intended	by	the	manufacturer	of	the	tool.	
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Figure	12:	Project	Compara	is	a	dashboard	design	created	to	house	the	visualization,	as	well	as	
integrate	other	support	data	views	to	complement	it.		
	
Based	on	our	research	of	visualization	methods,	the	force-directed	layout	(bottom-left)	
as	well	as	treemap	reflect	the	ability	to	place	focus	on	relationships	and	hierarchy,	respectively.	
Extra	D3	visualization	methods	can	be	daisy	chained	from	the	original	data	set,	and	further	
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qualitative	information	can	be	embedded	to	offer	extra	information	regarding	software	
platforms	or	other	features	(bottom-middle).	
	
Conclusions	
To	conclude	we	will	review	the	initial	criteria	of	this	project	including	the	project	
purpose	and	the	objectives	and	questions	to	evaluate	the	success	of	our	visualization.	Finally,	
we	will	discuss	potential	future	improvements	as	well	as	possible	applications	for	our	
visualization	project.	
We	believe	our	visualization	is	a	viable	solution	to	the	stated	purpose	of	this	project.	We	
visualized	the	entire	software	taxonomy,	making	clear	its	hierarchical	structure	in	a	way	that	is	
organized	and	understandable	using	a	horizontal	tree-diagram.	We	implemented	a	bipartite	
graph	to	successfully	visualize	how	attributes	are	connected	to	software	platforms,	even	when	
some	software	or	platforms	have	multiple	relationships.	We	achieved	one	of	the	central	uses	
for	this	visualization	project,	which	was	to	help	users	identify	which	software	are	associated	
with	specific	user-types.	We	also	created	a	way	to	discover	relationships	between	different	sets	
of	attributes	and	software	platforms	using	the	drop-down	menu.	We	believe	this	visualization	
technique	can	be	generalized	to	other	domains.	This	visualization	can	definitely	be	scaled	to	
datasets	of	different	sizes	to	show	different	hierarchical	structures	and	associations,	but	
comparing	qualitative	attributes	becomes	difficult	when	the	structure	becomes	too	large.	
Based	on	our	initial	objectives	and	questions,	we	believe	our	visualization	has	
appropriate	answers	for	each.	In	order	to	visualize	a	hierarchical	structure	and	associated	
external	attributes,	we	implemented	a	tree-diagram/bipartite	graph.	From	our	own	research,	
we	cannot	find	an	example	of	this	kind	of	visualization	being	used	in	any	similar	context.	It	is	
possible	that	we	have	created	an	innovative	visualization	approach.	We	converted	a	structured	
spreadsheet	into	a	visualization	that	makes	the	hierarchical	structure	much	clearer	than	a	
traditional	tabular	format.	We	believe	that	our	visualization	has	translated	an	indexical	
structure	into	something	that	is	both	aesthetic	and	engaging,	incorporating	smooth	D3	vector	
visuals	with	exploratory	interactive	features.	Finally,	we	believe	this	visualization	is	most	
effective	when	it	supports	user	interactions,	which	allow	users	to	solve	the	perceptual	
problems	that	arise	when	dealing	with	an	intricate	and	dense	visual	structure	as	this	one.		
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SOFTWARE	SURVEYED	
Autocad	 	 	
https://www.autodesk.com/products/autocad/overview	
	
Revit	 	 	
https://www.autodesk.com/products/revit/overview	
	
3ds	max	 	 	
https://www.autodesk.ca/en/products/3ds-max/overview	
	
Sketchup	 	 	
https://www.sketchup.com/products/sketchup-pro	
	
My.Sketchup	 	 	
https://www.sketchup.com/products/sketchup-free	
	
Sketchup	Viewer	 	 	
https://www.sketchup.com/products/sketchup-viewer	
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Vectorworks	 	 	
https://www.vectorworks.net	
	
Microstation	 	 	
https://www.bentley.com/en/products/brands/microstation	
	
ArcGIS		 	
https://esri.ca/en/products/arcgis-pro	
	
Betaville	 	 	
https://github.com/Betaville	
	
UrbanSim	 	 	
http://www.urbansim.com	
	
UNA	Toolkit	 	 	
http://cityform.mit.edu/projects/urban-network-analysis.html	
	
StreetFactory	 	
	
Fusion	360	 	 	
https://www.autodesk.com/products/fusion-360/overview	
	
SolidWorks	 	 	
https://www.solidworks.com	
	
Blender	 	 	
https://www.blender.org	
	
CityGML	 	 	
https://www.citygml.org	
	
CityEngine	 	 	
https://www.esri.com/en-us/arcgis/products/esri-cityengine/overview	
	
QGIS	 	 	
https://www.qgis.org/en/site/	
	
Stamen	Map	 	 	
http://maps.stamen.com	
	
Openstreetmap	 	 	
https://www.openstreetmap.org	
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Kodek	 	
	
BlenderGIS	 	 	
https://github.com/domlysz/BlenderGIS	
	
Unfolding	Mpas	 	
http://unfoldingmaps.org	
	
Mapbox	 	 	
https://www.mapbox.com	
	
Vizicities	 	 	
https://github.com/UDST/vizicities	
	
CartoDB	 	 	
https://carto.com	
	
EDMONTON	 	
DRAM	
DELTA	
TILT	
ALBATROSS	
simDELTA	
	
Cube	Land	 	 	
http://www.citilabs.com/software/cube/cube-land/	
	
ILUTE	 	 	
http://uttri.utoronto.ca/research/projects/icity/icity-orf-research-day-2018/ilute-
integrated-land-use-transportation-and-environment-model-reboot/	
	
Pantonium	 	 	
https://pantonium.com	
	
OneITS	/	CVST		
http://cvstproject.com	
	
PARAMICS	 	 	
http://www.paramics-online.com	
	
TRANSITMIX	 	 	
https://www.remix.com	
	
CELLINT	 	 	
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http://www.cellint.com	
	
Miovision	 	 	
https://miovision.com	
	
ROCKETMAN	 	
http://www.rocketmanapp.com	
	
TRIPSPARK	 	 	
https://www.tripspark.com	
	
GoPark	 	
https://www.go-parking.com	
	
Flow	Analytics	/	Coord	 	
https://coord.co	
	
StoryFacets	
	
Livehoods	 	 	
http://livehoods.org	
	
Graphtrail	 	
https://dl.acm.org/citation.cfm?id=2208293	
	
Infraworks	3D		
https://www.autodesk.com/products/infraworks/overview	
	
Crunchbase	 	 	
https://about.crunchbase.com	
	
Engagement	Lab	
	
CoUrbanize	 	 	
https://courbanize.com	
	
Streetmix	 	 	
https://streetmix.net/-/754979	
	
Textizen	 	 	
https://www.textizen.com	
	
Citi’Ease	 	
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Ecopolicy	Game	Simulation	 	 	
http://www.frederic-vester.de/eng/ecopolicy/	
	
Watson	Analytics	 	 	
https://www.ibm.com/watson-analytics	
